Abstract. The Apaf-1 interacting protein (APIP) and the uveal autoantigen with coiled coil domains and ankyrin repeats (UACA) belong to endogenous regulators of the apoptosome apparatus, but their role in tumourigenesis and progression of non-small cell lung carcinoma (NSCLC) is not known. Previous studies demonstrated that APIP inhibits the apoptosome-mediated procaspase-9 activation while UACA induces translocation of Apaf-1 from the cytoplasm into the nucleus. Here, we report for the first time that the expression of APIP and UACA genes is down-regulated on the level of both mRNA and protein in NSCLC cells and tumours. In particular, the expression of APIP protein was strikingly decreased and the expression of UACA mRNA and protein was frequently down-regulated in NSCLC tumours of different histopathological types. Moreover, stage IA NSCLC tumours showed significantly lower expression of UACA mRNA compared to higher stage tumours. The weak increase of both APIP and UACA mRNA levels in the 5-aza-2'-deoxycytidine-treated NSCLC cells indicates that mechanisms other than DNA methylation are involved in the regulation of APIP and UACA gene expression in these cancer cells. Taken together, the down-regulation of APIP and UACA expression suggests that the threshold to activate the apoptosome apparatus may be decreased in NSCLC cells due to the lack of APIP-mediated suppression and UACA-assisted Apaf-1 nuclear entry. Moreover, the loss of UACA-assisted Apaf-1 nuclear translocation may underlie the failure of DNA damage checkpoint activation in NSCLC cells leading to their genomic instability.
Introduction
The apoptosome apparatus is a stress-induced cell death signalling platform that is assembled in the cytosol via the cytochrome-c (cyt-c)-and (d)ATP-mediated formation of an Apaf-1 heptameric complex, which recruits and activates the apoptosis initiator procaspase-9 (PC-9) (1-3). Both epigenetic and transcriptional factor-mediated regulation of Apaf-1 and PC-9 expression levels plays an important role in predisposition of cells to activate the apoptosome apparatus (4) (5) (6) (7) (8) . However, the processes of apoptosome assembly and functioning in cancer cells are under a variety of negative and positive modes of post-translational regulation (9, 10) . There is evidence that the hypersensitivity of certain malignant neoplasms such as brain tumours and breast carcinomas, as opposed to their normal tissue counterparts, to the cyt-c-induced apoptosis is due to up-regulation of Apaf-1 and its regulator PHAPI, respectively, in cancer cells (11, 12) . On the other hand, deficient signalling in the apoptosome pathway, due to the lack of apoptosome core component expression or apoptosome dysfunction, contributes to tumourigenesis and progression of malignant neoplasms as well as to their chemo-and radioresistance (8, (13) (14) (15) (16) (17) (18) (19) (20) .
The activation of apoptosome apparatus is often impaired in non-small cell lung carcinoma (NSCLC) cells and tissues (21, 22) . The molecular basis of apoptosome apparatus suppression in NSCLC is still unknown and there is evidence that it does not involve the segregatory binding of procaspase-9 to TUCAN (23) or direct inhibition of caspase-9 by XIAP (22, 24) . The Apaf-1 interacting protein (APIP/AIP) and the uveal autoantigen with coiled coil domains and ankyrin repeats (UACA)/nucling belong to the endogenous regulators of apoptosome apparatus (9, 10) , but their role in NSCLC tumourigenesis and progression is not known. APIP, which is a cytosolic protein, binds to the CARD domain of Apaf-1 and prevents PC-9 recruitment to the apoptosome (25, 26) . Moreover, during hypoxic conditions, APIP induces sustained activation of AKT and ERK1/2 kinases, which directly phosphorylate PC-9 to inhibit its activation in the apoptosome (27) . UACA/nucling, showing both cytoplasmic and perinuclear/nuclear localization (28) (29) (30) , interacts with Apaf-1 and induces its translocation into the nucleus upon proapoptotic stress (31) . UACA also interacts with the nuclear Down-regulated expression of apoptosis-associated genes APIP and UACA in non-small cell lung carcinoma factor-κB (NF-κB) and prevents its entry into the nucleus thus reducing expression of the NF-κB-targeted genes (32) . To obtain insight into the role of APIP and UACA in NSCLC, we investigated their expression status in NSCLC cell lines and NSCLC tumours and matched lungs from surgically treated patients in relation to pathological and clinical data of the patients.
Patients and methods

Patients.
One hundred and two patients with NSCLC tumours were investigated in this study (median age of 63 years, age range of 39-78 years; 72 men and 30 women; 89 smokers and 13 non-smokers). The patients did not receive any chemotherapy or radiotherapy prior to surgery. The surgical treatment applied to the patients included lung lobectomy, bilobectomy or pneumonectomy, and regional lymphnode dissection. The histopathological classification of lung tumours was carried out according to the World Health Organization criteria (33) and tumour staging was performed according to the new international pTNM system (34) . The following NSCLC types were examined in the present study: squamous cell lung carcinoma (SQCLC; n=41), lung adenocarcinoma (LAC; n=36), SQCLC+LAC mixed type tumours (n=3), large cell lung carcinoma (LCLC; n=7), sarcomatoid lung carcinoma (SLC; n=4) and undifferentiated lung carcinoma (UNDIF, n=11). This study was approved by the local institutional ethics committee and was conducted in accordance with the Declaration of Helsinki. Signed informed consent was obtained from each patient before entry to the study.
Tissues. Specimens of primary lung tumour and matched lung parenchyma (190-240 mg, wet mass) were excised immediately after surgery and were snap-frozen in liquid nitrogen and stored at -78˚C until isolation of RNA and protein extraction. Tumour samples were taken from a non-necrotic part of the tumour and lung samples were excised from lung parenchyma at a site located as distantly as possible from the tumour location.
Cell lines. NSCLC cell lines were obtained from the following sources: CALU-1, SKMES-1, A549, SKLU-1 and COR-L23 from the European Collection of Cell Cultures, Salisbury, UK; LXF-289, COLO-699 and LCLC-103H from the German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany; NCI-H520 and NCI-H1299 from the American Type Culture Collection (ATCC), Rockville, MD, USA. The small cell lung carcinoma (SCLC) cell lines NCI-H69, NCI-H146, NCI-H209, NCI-H345, NCI-H378, NCI-H82 and NCI-H446 were obtained from ATCC. Culture media and their supplements were from Sigma (St. Louis, MO, USA). The NSCLC cell lines were cultured in humidified atmosphere of air with 5% CO 2 at 37˚C in the Eagle's minimum essential medium supplemented with 5% fetal bovine serum, 26.2 mM NaHCO 3 , 2 mM L-glutamine, 1% of a stock solution of non-essential amino acids, 0.25 µM Fe(NO 3 ) 3 , 10 mg/l apotransferrin, and 10 5 IU/l of penicillin-G and 100 mg/l of streptomycin (the EMEM-S medium). After reaching confluency, the adherent cells were harvested by scraping into a lysis solution for the isolation of total RNA or into the Ca 2+ -and Mg 2+ -free Hanks' balanced salt solution for preparation of protein extracts (see below).
The SCLC cell lines were grown in humidified atmosphere of air with 5% CO 2 at 37˚C in RPMI-1640 medium supplemented with 10% fetal bovine serum, 23.8 mM NaHCO 3 , 2 mM L-glutamine, and 10 5 IU/l of penicillin-G and 100 mg/l of streptomycin. These cells, growing loosely in suspension, were harvested by centrifugation at 240 g and 4˚C for 10 min.
The effect of 5-aza-2'-deoxycytidine (ADC; Sigma) on APIP and UACA mRNAs expression in the NSCLC cell lines was studied as follows. The cells were seeded in the EMEM-S medium which was changed the next day for the fresh medium without (control cell cultures) or with 10 µM of ADC. The cells were then cultured for 72 h with the media change after the first 48 h. After the treatment, the adherent cells were harvested for total RNA isolation as described above.
Isolation and quantification of total RNA. Total RNA was isolated from cells and tissues using the TRIzol Reagent (Invitrogen, Paisley, UK) according to the manufacturer's instructions. All isolated RNA samples had an A 260 nm /A 280 nm ratio >1.8, as measured by spectrophotometric analysis in 10 mM Tris/HCl buffer, pH 7.5. The concentration of total RNA was determined by a fluorometric assay using the RiboGreen RNA Quantitation Kit (Molecular Probes, Eugene, OR, USA) and the manufacturer's protocol.
Real-time RT-PCR analysis.
The sequences and final concentrations of the oligonucleotide primers and TaqMan probes used in real-time RT-PCR assays of expression of the investigated transcripts are indicated in Table I . The primers and probes were designed using the program Primer Express (Applied Biosystems, Foster City, CA, USA) and were synthesized at Microsynth (Balgach, Switzerland) and Applied Biosystems (Warrington, UK), respectively. The expression of APIP, UACA and β-actin (an internal reference transcript) mRNAs was quantitated by a coupled real-time RT-PCR assay. The RT-PCR reaction mixtures of a total volume of 50 µl contained 25 µl of SuperScript Reaction Mix (a buffer with 6 mM MgSO 4 and 400 nM of each dGTP, dCTP, dATP and dTTP) and 1 µl of SuperScript III Reverse Transcriptase/Platinum Taq DNA polymerase mix (both mixes were from Platinum Quantitative RT-PCR SuperScript III One-Step System, Invitrogen), the respective primers and TaqMan probe at the indicated final concentrations (Table I) 
Preparation of protein extracts and total protein determination.
Adherent NSCLC cells growing in monolayer were scraped into the Ca 2+ -and Mg 2+ -free Hanks' balanced salt solution and sedimented by centrifugation at 240 g and 4˚C for 10 min. The harvested cells were disrupted by sonication, at 0-4˚C, in phosphate buffered saline, pH 7.2, containing 0.5% Triton X-100 and a mixture of proteinase inhibitors including 1 mM Na 2 EDTA, 50 µM E-64, 200 µM AEBSF and 25 µM pepstatin. The cell homogenates were centrifuged at 40,000 x g and 4˚C for 30 min. The collected supernatants, i.e., protein extracts, were stored in small aliquots at -78˚C until analysis. Total protein concentration was determined by the bicinchoninic acid assay using bovine serum albumin (BSA) as a standard (36) .
Western blot analysis. The expression of APIP and UACA proteins in NSCLC cells and tissues and lungs was analysed by denaturing SDS-polyacrylamide gel electrophoresis (SDS-PAGE), using 16.5% T/3% C and 8% T/3% C polyacrylamide gels, respectively, and immunoblotting with specific antibodies. Samples of protein extracts from cells and tissues were denatured by boiling for 5 min in 50 mM Tris/HCl buffer, pH 7.4, containing 2.5% SDS, 100 mM dithiothreitol, 5% glycerol and 0.01% Serva Blue G. The proteins (100 µg per gel lane) were then separated by SDS-PAGE using the Tris-Tricine-SDS buffer system (37) . The Precision Plus Protein Prestained Standards (Bio-Rad, Hercules, CA, USA) were run in parallel to the samples. The separated proteins were electrotransferred onto Hybond P membranes (Amersham Pharmacia Biotech, Little Chalfont, UK) using a transfer buffer 48 mM Tris, 39 mM glycine, 1.3 mM SDS, and 20 v/v % methanol, pH 9.2. APIP and UACA proteins were visualised by an immunodetecting procedure coupled to an enhanced chemiluminescence generating system. The primary antibodies against APIP and UACA were APIP (D-20), the goat polyclonal IgG (Cat. no. sc-66318), and Nucling (E-12), the rabbit polyclonal IgG (cat. no. sc-135510), respectively (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The secondary antibodies were the rabbit anti-goat IgG-HRP peroxidase conjugate (Sigma) and the goat anti-rabbit IgG-HRP peroxidase conjugate (Sigma), respectively. The immunoblotting procedure was done at room temperature with the following steps: blocking with 5% blotting grade blocker (BGB; Bio-Rad) and 1% bovine serum albumin (BSA) in TBST buffer (20 mM Tris/HCl, 100 mM NaCl, and 0.1% Tween-20, pH 7.6) for 1 h, incubation with the primary antibody (at 1 µg/ml in 1% BGB and 1% BSA in TBST buffer) for 2 h, extensive washing with TBST buffer, incubation with the secondary HRP-conjugated antibody (at a dilution of 1:10,000 in 1% BGB and 1% BSA in TBST buffer) for 1 h, extensive washing with TBST buffer, incubation with the ECL Plus Reagent (Amersham Pharmacia Biotech) for 5 min, and capture of the chemiluminescence signal on BioMax Light-1 film (Eastman Kodak, Rochester, NY, USA). The net intensity of APIP and UACA protein bands in the film immunograms was evaluated with the 1D Image Analysis Software (Eastman Kodak).
Statistical analysis. The statistical calculations were performed with the software SigmaStat (Systat Software, Point Richmond, CA, USA) and Stat200 (Biosoft, Cambridge, UK). A two-sided P<0.05 was considered as statistically significant difference.
Results
To analyse the expression status of APIP and UACA mRNAs in NSCLC cells and tissues and lungs we quantitated the level of these transcripts and β-actin mRNA (an endogenous reference transcript) using coupled real-time RT-PCR. A set of PCR amplification plots which is shown in Fig. 1 illustrates decreased expression of APIP and UACA mRNAs in NSCLC tissues as compared to matched lungs, but comparable expression of β-actin mRNA in tumour-lung matched pairs. Although the expression of β-actin mRNA (calculated as 2 -CT data) was not significantly different in LCLC, SLC and UNDIF tumours and matched lungs (P>0.1, Mann-Whitney U test), it was slightly but significantly higher in SQCLC and Table I . Primers and TaqMan probes used for real-time RT-PCR quantitation of expression of the investigated transcripts. LAC tumours as compared to matched lungs (P=3.87x10 -6 and P=5.22x10 -6 , respectively, Mann-Whitney U test). APIP and UACA genes were expressed in all tested NSCLC cell lines on the level of both mRNA and protein, but the levels of their expression were quite variable (Figs. 2 and 3 ). In the case of APIP, but not UACA, the expression of mRNA and protein showed a significant positive Pearson linear correlation (r=0.854, P=0.0069). Different histopathological types of NSCLC tumours and matched lungs also expressed both APIP and UACA mRNAs and proteins (Figs. 1, 2 and 3) . However, as compared to matched lungs, the expression of APIP and UACA mRNAs and proteins in the tumours was markedly decreased (Figs. 1, 2 and 3) .
We also analysed the expression of APIP and UACA mRNAs in a series of SCLC cell lines. Although the level of APIP mRNA expression in NSCLC and SCLC cell lines was comparable (Fig. 4) , the level of UACA mRNA expression was significantly higher in NSCLC cells than in SCLC cells (Fig. 4) . The expression of β-actin mRNA (2 -CT data) in NSCLC and SCLC cell lines was not significantly different (P>0.1, Mann-Whitney U test). To test whether DNA methylation is involved in the transcriptional regulation of APIP and UACA expression in NSCLC cell lines, we cultured the tumour cells in the presence and the absence of 5-aza-2'-deoxycytidine (ADC), a DNA demethylating agent capable of up-regulating expression of many genes in various cancer cells (38-40) . Although we detected statistically significant increase of APIP and UACA mRNAs expression in several NSCLC cell lines cultured in the presence of ADC (Fig. 5) , the ADC-induced up-regulation of transcript expression higher than 2-fold was observed only for UACA mRNA in CALU-1 cells (a 3.9-fold increase; Fig. 5B ). There was no significant difference between the β-actin mRNA expression (2 -CT data) in the ADC-treated and -untreated NSCLC cell lines (P>0.065, t-test).
In order to reveal the relationship between APIP and UACA mRNA expression in NSCLC tumours and the clinicopathological data of NSCLC patients, we studied the expression status of these transcripts in the tumours and matched lungs from surgically treated NSCLC patients. All examined NSCLC tumours and lung tissues showed the expression of APIP mRNA, but the level of APIP mRNA in the tumours was 2-fold or more downregulated in one third of studied NSCLC patients (Table II) . In SQCLC and LAC tumours, the expression of APIP mRNA was significantly lower as compared to matched lungs, while in other NSCLC tumour types (LCLCs, SLCs and UNDIFs) and matched lungs the expression of APIP mRNA was not significantly different (Table II) . UNDIF tumours showed significantly higher expression of APIP mRNA compared to SQCLCs and LACs (P=0.023 and 0.015, respectively, Mann-Whithney U test). All investigated NSCLC tumours and lung tissues also expressed UACA mRNA, but expression of this transcript in the tumours was 2-fold or more down-regulated in a high proportion (70%) of examined NSCLC patients (Table III) . As compared to matched lungs, the expression of UACA mRNA was significantly lower in different histopathological types of NSCLC tumours including SQCLCs, LACs, LCLCs and UNDIFs (Table III) . There was no significant difference between the levels of UACA mRNA expression in different NSCLC tumour types (P>0.27). The Table III . Real-time RT-PCR analysis of UACA mRNA expression in non-small cell lung carcinomas and lungs. expression of APIP and UACA mRNAs showed a weak positive linear correlation in NSCLC tumours but not in the lungs (Fig. 6 ). Such correlation was observed also in certain histopathological types of NSCLC including SQCLC (r=0.357, P=0.022), LCLC (r=0.848, P=0.015) and UNDIF (r=0.624, P=0.040). Patients gender, smoking status and tumour grade did not significantly affect the expression of APIP and UACA mRNAs (Tables IV  and V) . Although the tumour stage did not have significant impact on the expression of APIP mRNA in NSCLC tissues (Table IV) , the expression of UACA mRNA was significantly lower in stage IA tumours as compared to stage IB tumours and higher stage tumours (Table V) . Moreover, the down-regulation of UACA mRNA expression was relatively more frequent in stage IA tumours (in 14 of 15 patients, 93%) than in stage IB tumours (in 29 of 42 patients, 69%) and stage II+III tumours (in 28 of 41 patients, 68%).
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Discussion
In the present study, we demonstrated that APIP and UACA genes are expressed at both mRNA and protein levels in NSCLC cell lines and NSCLC tumours and lungs. Surprisingly, NSCLC tumours of different histopathological type showed significantly lower expression of both APIP and UACA mRNAs and proteins as compared to matched lungs. In particular, the expression of UACA mRNA was down-regulated with a high frequency in NSCLC tumours. Moreover, although the expression of APIP mRNA in NSCLC and SCLC cells was comparable, the expression of UACA mRNA in SCLC cells was significantly lower as compared to NSCLC cells. These results suggest that UACA gene might belong to the category of genes in which down-regulation brings survival advantage to cancer cells. This is in line with recent experimental data showing that nucling-knockout mice are not only resistant to the neurotoxin-induced apoptosis (41) but also frequently develop hepatocellular carcinoma (42) . The lower level of UACA mRNA in stage IA tumours as compared to higher stage tumours suggests that the down-regulation of UACA gene expression is of particular importance during the earlier period of NSCLC development. The weak increase of expression of both APIP and UACA mRNAs in the 5-aza-2'-deoxycytidine (ADC)-treated NSCLC cell lines indicates that mechanisms other than DNA methylation are involved in regulation of APIP and UACA genes expression in these cancer cells. Contrary to the weak up-regulation of APIP and UACA mRNA expression, the expression of serpinB9 mRNA was strongly induced in several ADC-treated NSCLC cell lines (Rousalova et al, unpublished data). It has been reported that ischemia/hypoxia up-regulates the expression of APIP in some tissues and tumour cells (25) (26) (27) . Although there is evidence that the microenvironment of NSCLC tumours contains many ischemic regions characterized by hypoxia and acidosis (43), we frequently observed decreased expression of APIP mRNA and protein in NSCLC tumours. The down-regulation of APIP gene expression in NSCLC cells and tissues suggests that APIP is probably not involved in suppression of the apoptosome apparatus in these cancer cells. However, APIP may have antiapoptotic effect in other tumour cells such as head and neck squamous cell carcinoma of the tongue and larynx where its expression is up-regulated and associates with increased copy number of the APIP gene (44) .
Immunohistochemical studies of stage I NSCLC tumours demonstrated cytoplasmic localization of Apaf-1 (Apaf-1 Cyt ) in most examined tumours and marked nuclear localization of Apaf-1 (Apaf-1 Nuc ) in a small subset (24%) of the tumours (45) . Interestingly, the Apaf-1
Nuc group of NSCLC patients had significantly better overall survival rate as compared to the Apaf-1
Cyt group (45) . Recently, a non-apoptotic role for the intranuclear Apaf-1 in the DNA damage checkpoint activation has been demonstrated (46) . As increased expression of UACA/nucling has been implicated in promoting Apaf-1 nuclear translocation after proapoptotic stress (31), the nuclear translocation of Apaf-1 may be impaired in the majority of NSCLC tumours due to down-regulation of UACA expression.
UACA/nucling has been shown to interact with the transcription factor NF-κB and to prevent its nuclear translocation thus reducing expression of the NF-κB-targeted genes (32) . Under the conditions of down-regulated expression of UACA in NSCLC cells, we may expect increased nuclear translocation of NF-κB and up-regulation of NF-κB-targeted genes which were shown to mediate cancer cell survival (47, 48) .
Taken together, the results of the present study provide evidence that the expression of APIP and UACA genes is downregulated in NSCLC cells and tissues. The down-regulation of UACA gene is more pronounced and highly frequent in stage IA tumours as compared to higher stage tumours. The absence of strong induction of APIP and UACA mRNAs expression in the 5-aza-2'-deoxycytidine-treated NSCLC cell lines indicates that DNA methylation is not responsible for the regulation of APIP and UACA genes expression in these cancer cells. It can be expected that the down-regulation of APIP and UACA expression may decrease the threshold of NSCLC cells to the apoptosome apparatus activation due to the lack of APIPmediated suppression and UACA-assisted Apaf-1 nuclear entry. Moreover, the loss of UACA-assisted Apaf-1 nuclear translocation may underlie the failure of DNA damage checkpoint activation in NSCLC cells leading to their genomic instability, which can causally contribute to development and progression of NSCLC tumours.
